INTRODUCTION
The experiments by Thomas E. Blackwell (1850) fl] on weirs with broad crests were made on the side pond of Kennet and Avon Canal, England.
The weir had an adjustable crest in the vertical plane. Both flat and sloping crests with vertical upstream and downstream faces were used.
The discharge was measured volumetrically. The experiments showed larger coefficient for weirs with sloping crest. The phenomenon of nappe springing clear-off the crest for higher ratios of head to width of crest was noticed and recorded. [1, 2] . respectively were done in the Sudbury River conduit, Boston. A formula was developed for the discharge in terms of corrections to be applied to heads acting on the broad-crested weir to give head on an equivalent thin-edge weir.
Experiments of Fteley and Stearns
Theoretical approaches for the determination of discharge on broad-crested weir were put forth by Belanger [5] (1849), Flament [5] (1900), Mullins [1] (1890), Unwin and Frizell [1] (1899). These formulae were later confirmed by experiments. [ 1, 3*, 4 ].
Experiments of Bazin
The classical experiments by Henry Bazin [1] (1886), on flow of water over broad-crested weirs
The experiments by Fteley and Stearns [1, 2] , 1877, on weirs with 2, 3, 4, 6 and 10 inch wide of various shapes were tried in a concrete flume 700 ft. long, 6.56 ft. wide. Tests included weirs of 1.148, 1.64, 2.46 ft. height, with crests horizontal or sloping, upstream and downstream faces vertical or sloping, with corner at entrance to the weir crest square or rounded. Few observations were by volumetric measurements of discharge and the rest were by using a calibrated weir. The experiments clearly revealed facts about the modification of nappe forms, its effect on the discharge coefficient and elucidate the whole problem of flow of water over weirs.
Experiments of the United States Board of
Engineers on deep waterways [ 1, 4] .
Experiments were made by George W. Rafter and Gardener S. Williams (1899) at Cornell University Hydraulic Laboratory on weirs 4.5 ft. high and 6.56 ft. wide situated in a channel of 48 ft. in length.
The tests included weirs with crest horizontal or sloping, upstream and downtream faces vertical or sloping.
The discharge was measured by a calibrated weir.
Experiments of the United States Geological

Survey [ 1 ].
These experiments were made by Robert E. Horton and Gardener S. Williams, 1903, at Cornell University Hydraulic Laboratory.
Tests included weirs of height 11.25 ft. and crest width which varied from 0.479 to 16.302 ft. They had crests horizontal or sloping with upstream and downstream faces vertical.
The discharge was measured by a calibrated weir. The experiments showed agreement regarding the behaviour of nappe put forth by Bazin, Fteley and Stearns.
Experiments of Woodburn
[6].
These experiments were made by James G. Wodburn, 1932, at the University of Michigan, in a rectangular wooden flume.
The experiments included weirs 1.75 ft., high with crests, width of which varied from 10 to 15.5 ft. horizontal or in slopes or in combination of slopes from 0 to 0.085 and the crest corner at the entrance to the weir crest rounded or sharp. The discharge was measured by a 90° V-Notch. The experiments showed that the broad-crested weir could function in the modular range even for high submergence ratios.
Almost all the head could be recovered by provision of suitable crest slope to form a hydraulic jump and that the location of critical depth was not the same for all discharges.
Experiments of Doeringsfeld and Barker [7] .
Assuming parallel flow over the weir at a depth equal to half the head at the upstream end of the weir, and also hydrostatic pressure distribution, Doeringsfeld and Barker (1941) developed a theoretical formula for discharge over the broad-crested weir as a function of ratio of the head acting on the weir to the height of the weir. Experiments were conducted at Minnesota on weirs 2.25 ft. wide, of heights varying from 0.313 to 1.424 ft. in a glass flume 40 ft. long. 1.68 ft. wide and at Washington on weirs 1.12 and 1.65 ft. wide, and of heights 0.262 and 0.471 ft. respectively to substantiate the theoretical approach. The discharge was measured by a sharp-crested weir.
John Hackney, in his discussion, pointed out that for conditions assumed by the authors, the data of Bazin, Cornell tests as reported by Horton, and Woodburn do not agree with the above theoretical approach.
Elwood Morris used a weir of horizontal crest wddth 8.42 ft. with vertical faces for his experiments and established the depth of parallel flow across the weir as 0.4 times the head acting upon.
H.J. Tracy [9], 1957, analysed the existing literature on broad-crested weirs to clearly interpret the effect of various parameters, pertaining to the characteristics of flow, fluid properties and w r eir geometry, on the discharge coefficient. He pointed out that broad-crested weirs could be classified as short, normal and long based on the width of weir crest and that for long weirs the observations of brink depth agreed fairly with the prediction of Hunter Rouse (1936) for a free over fall.
The available information on the weirs of finite crest width provide controversial results. This is because of the variation of conditions under which the investigations have been carried out by the different workers.
A comparison of results of previous investigators is given in Figure 1 . In these results the coefficient of discharge is computed from the equation
(1) where:
Q is the discharge across the weir;
Ci is the coefficient of discharge; L is the length of the weir, equal to the width of approach channel, and H n is the effective head on the crest equal to H + V 2 ./2 g, where H is the actual head on the crest and V is the mean velocity of approach in the channel.
The main difficulty with this equation is that the discharge computation can be made only through a process of successive approximation. To overcome this fundamental difficulty, in re cent times, all weir equations are written in the modified form: ach is coupled with the other factors into one common coefficient of discharge, C. A compari son of coefficients calculated on the basis of above two equations is given in Figure 2 . Fi gure 1 demonstrates the wide disagreement be tween the various investigations.
EXPERIMENTAL SET-UP
AND EXPERIMENTS
The experimental set-up is shown in Figure 3 . Water from a constant head tank enters the experimental flume 2 ft. wide, 3 ft. high and 51 ft. long.
The flume is constructed of ma sonry, smoothly plastered over. Sufficient still ing arrangements in the constant head tank and in the flume occupying a length of about 8 ft., were made to simulate uniform-flow at the weir. The downstream edge of the experimental weir was kept at a constant distance of 4 ft. from the downstream and of the flume.
The approach length provided from the last stilling rack to the upstream edge of the weir varied from a maximum of 35 ft. for the 4 inches weir to a minimum of nearly 25 ft, for the 10 ft. weir.
The experimental weirs constructed with ma sonry and plastered over, had smooth and plane horizontal crests, vertical upstream and down stream end faces. The upstream face, formed a sharp, right-angled corner at its intersection with the plane of the crest [10] . The accuracy in the construction was realised by using wooden templates cut to the exact dimensions of weir and the final dimensions were further verified in each of the series of experiments by the pointgauge and scale capable of reading to 1/32 of an inch. The under side of nappe was aerat ed by providing suitable openings in the side walls just downstream of the weirs and below the crest, so as not to interfere with the [lowing water.
The head over crest was measured by a preci sion pointgauge, callable of reading to an accu racy of 1/144th of an inch, located at a dis tance of 3.5 times the maximum head from the upstream face of weir to avoid the region of surface drawdown. In the early experiments, the discharge was measured volumetrically by mea suring tank and a stop watch reading to l/10th of a second, the minimum lime of collection being 25 sec. and in the latter experiments by a 90° V-Notch calibrated in position. The measu rement of discharge by notch agreed well with volumetric measurements, the maximum devia tion being 2 %. Observations of the flow profiles were made for certain cases.
In all ten series of experiments were conducted as shown in Table I . In the first series the width of the crest, width of the weir parallel to the direction of flow, was kept at 4 inches. The discharge was varied from a minimum value giving a head of about 0.1 ft. above the crest to a maximum of about 5 cfs. About sixteen experiments were done in each series. The width of the crest was increased in steps to 0.5, 0.75, 1, 2, 3, 4, 5, 7 and 10 ft. In all, about 160 tests were done. For all the experiments, the coefficient of discharge was computed using equation (2) and the scope of tests is given in Table I . Figure 4 is a schematic representation of flow over weirs of finite crest width. L is the length of the weir, which is also equal to the which of the channel in which it is located. P is the height of the weir and B is the width of crest (in the direction of flow) and H is the head over the crest.
ANALYSIS OF THE RESULTS
Flow over such a weir is a function of the geometrical properties of the weir, characteris tics of the flow and the fluid properties. That is:
where y is the specific weight of the fluid (here water);
g is the acceleration due to gravity; p, is the coefficient of dynamic viscosity of the fluid;
a is the coefficient of surface tension of the fluid.
Using Buckingham's TC -Theorem it can be shown that
It can be shown that only when the channel is narrow, i.e., the length of the weir is very much less than the head over the crest, the parameter H/L comes into the picture from the considerations of boundary layer growth on the sides. Further this parameter was found to be insignificant in the practical ranges inves tigated [9, 10] and hence not considered.
The effects of viscositj' and surface tension being significant only for the smaller heads, the Reynolds number and Weber number were not considered [10] . Hence, the equation was writ ten as:
On the basis of equation (5), the experimen tal results are plotted with C on the Y-axis and H/B on the X-axis with H/P as the third para meter as shown in Figure 5 . In all the ten series of experiments, H/P varies from about 0.1 to 1.0. But from Figure 5 , it is seen that there is no scatter due to the variation in H/P i.e., points with different values of H/P follow the same trend.
This shows that the coefficient C is a function only of H/B, atleast for values of H/P upto unity.
But Doeringsfeld and Barker Based on these, in the range 0.1 H/B §C 0.4, the weir is said to be broad-crested and narrowcrested in the range 0.4 < H/B ^1.5 to 1.9 (de pending on particular H/P). From the observa tions of flow profiles it is found that in the re gion 2 the flow across the weir is parallel to the crest for certain portion and is totally curvi linear in the region 3.
From the observation of the flow pattern, it was found that for higher values of H/B, the lower nappe springs clear off the crest, touch ing the weir only at the upstream crest cornerthus functioning as a sharp-crested weir.
The approximate values of H/B at which a weir of finite crest width becomes a sharp-crested weir are found out using the profile observations made by Kandaswamy and Rouse [11] for the terminal sharp-crested weirs.
It is seen from Figure 8 that the values of H/B, at which this change takes place varies with H/P and the va riation is from 1.5 to 1.9, following the linear relation :
The coefficient of discharge for such sharpcrested weirs is the function of H/P and the va riation of the coefficient is linear as given by Standard Rehbock formula [11] .
These different flow patterns are shown in Figure 9 .
A comparison between the above results and Bazin's experiments is shown in Figure 10 . Even though the trend is the same, Bazin's va lues are consistently lower. This might be due to the different experimental conditions obtain ing in the two investigations. Based on the stu dies discussed above, the recommended curve for the discharge coefficient of weirs with finite crest width is given in Figure 11 . 
